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EFFECT OF THE SIX ENGINE AIR BREATHING
PROPULSION SYSTEM ON SPACE SHUTTLE
ORBITER SUBSONIC AND TRANSONIC STABILITY
AND CONTROL CHARACTERISTICS
(0A91)

By

H. C. Smith
Rockwell International

ABSTRACT

Experimental aerodynamic investigations were conducted on a 0.015
scale representation (Model 42-0) of the VL70-000139B space shuttle orbi-
ter configuration in the Rockwell International Trisonic Wind Tunnel from
October 26, 1973 to November 1, 1973. The test objective was to deter-
mine the effect of three air breathing propulsion system ferry/flight
test configurations on the transonic drag rise, the elevon effectiveness,
the iongitudinal stability, and the lateral-directional stability of the
-139B shuttle orbiter.

The model was sting mounted on a Task 1.5 inch internal strain jage
balance, and six-component aerodynamic force and moment data were recorded
over an angle of attack range of -3° to 14° at Mach numbers of 0.5, 0.6,
0.7, 0.8, and 0.9 with a Reynolds number of 6.4 x 10%/ft. Data were also
recorded at a sideslip angle of five degrees. '

Rakes with five total pressure probes each were installed at the
exit in three ducts of the forward pylon mounted nacelles. The ducts were
thoroughly cleaned after the first four blows to determine the effect of
foreign material that was adhering to the inner surfaces. Force data
taken with the rakes installed are not presented.

Base and balance chamber pressures were measured and used to correct
axial force. The data were also corrected for estimated duct internal
chord force and its effective pitching moment.

The body flap was deflected -11.7° during the entire test, and data
were recorded at elevon deflections of 0°, +10°, and -10°.
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SADSAC
SYMBOL

cp

MACH

Q(NsM)
Q(PSF)

RN/L
ALPHA

BETA

PSI

BREF

LREF

SREF

XMRP

ZMRP

NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficiert; (p) - pw)/a
Maech number; V/a

pressure; N/m°, psf

dynamic pressure; 1/2pV°, N/mw®, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

angle of attack, degrees

engle of sideslip, degrees

sngle of yaw, degrees

angle of roll, degrees

mess density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base sres; m2, ft2

wing span or reference span; m, ft
center of gravity

reference length or wing mean
aerodynemic chord; m, ft

wing area or reference ares; m?, ££2
moment referenée point

moment reference point on X axis
moment reference point on Y axis

moment reference point on 2 axis

base

local

static conditions
totel conditions
free stream
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NOMENCLATURE (Contirue 1)

Boay-rxis System

normal force

——
Jdo

norm=al--oree coetfficient;

axisl-foves roeificirny; ¥l force
i3

side-foree coetfi-ient; Side foree
as

Laue-rorce coeftficient: Eﬂ_{fﬁii
as

forebody axial force coeffi.ient, Cp = cAb

pitching -moment coefficient; pitching moment

aSfpey

" yawing-moment coefficient; E‘m...is%ﬂeﬁ
q

rolling-moment coefficient; 10_15_1_‘%%_’_"9’“_'392
o

Stebllity-Axis System

1ift coefficient; }lg:
q

drag coefficient; 92;&
q‘

basc-drag coefficient; L’&S_g _drag
»

forcbody drag coelficlent; Cp - C%

cide-force coefficient; M
8

pitching-moment coefficiont; pitching}momem
q
. REF

y ming-moment coefficient; YIWing momer.
q;s

{

rolling-monent coefficient; ToLling moment
£l : Ygs'—

1ift-to-dray ralio: CI/CD

} ~
SADSA"

SIMBOL  SYMBOL DEFINITION
o CR
o Ch
oY

. CAB

) -Ap(pp - pol/uS
Chp CAF
yy CIM
Cn CYN
C[ CBL
Cr, CL
Cp )]
Cp, CDB
‘cnf CDF
Cy '
Coy CLM
. CLN
V] CoL
/b L/D
L/ by L/ P

11ft to forcbody drag ratio; CL/CDr
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NOMENCLATURE (Concluded)
ADDITIONS TO STANDARD NOMENCLATURE

W S BAR POSSBB. 165 0D LR S S S e

SADSAC
SYMBOL SYMBOL DEFINITION
Apc ABC balance cavity area, ft2
Ab], Abz,---Ab6 base area at station 1, 2,---6, respectively "1
} CApc balance cavity axial force coefficient
? cAbt, CABT total base axial force coefficient
i CASf nacelle internal duct axial force correction
CAt weight tare axial force coefficient
CAu "~ balance measu}ed axial force coefficient
Cmu balance measured pitching moment coefficient
Cmsf pitching moment coefficient due to nacelle
internal duct axial force
Cpbc balance cavity pressure coefficient

ch1’ chz"'°ch6 base pressure coefficient at station 1, 2,~--6,

§ respectively
% Lg body length, in.
i L¢/Dg LF/DF forebody 1ift to drag ratio
%i P freestream static pressure, psia
. Py./Py PTI/PT nacelle to freestream total pressure ratio at
. " - -
. station i, 1 =1, 2,---i5
vi P, pressure at station x, psia
: Xep/t XCP/L longitudinal center of pressure location,
fraction of body length
8¢ ELEVON elevon, surface deflection angle, positive
deflection, trailing edge down; degrees
8¢ BFLAP flap, surface deflection angle, positive
deflection, trailing edge down; degrees
' 5y RUDDER  rudder, surface deflection angle, positive
deflection trailing edge to the left; degrees
ch CLF forebody 1ift coefficient
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CONFIGURATIONS INVESTIGATED

The model used for this test period was a 0.015 scale representation
of the VL70-000139B Space Shuttle Orbiter configuration. The basic model
was of the blended wing-body design utilizing a double delta wing
(75°/45° ALE), full span elevons ?unswept hingelines), a centerline ver-
tical tail with rudder and speed brake capability, a body flap, and a
canopy.

Three double 21r breathing propulsion system nacelieé were mounted
under the wings anu fuselage in three different configurations. Two of
these configurations utilized pylons with the wing mounted nacelles at

two locations, and the third configuration consisted of flush mounted
nacelles.

The model was constructed around an Armco 17-4 steel balance block
sleeved to accept the 1.5 inch Task MK XXIIA internal force balance. Al1l
model body mold lines, fairings, wings, etc. attached directly to the
balance block.

‘The six base pressure tubes were attached to the sting and terminated
approximately 1/16 inch from the base of the model. The balance chamber
pressure tube was also attached to the sting and extended into the rear
of the model to the aft end of the balance. The other end of these tubes
were routed to transducers in the sector pit.

During seven blows, total pressures were measyred in the two ducts
of the left hand underwing nacelle and in the left hand duct of the fuse- :
lage mountec nacelle by means of a rake that attached to the rear of the !
model. The total pressure probes extended into the duct exits a distance i
of 0.3 in The location and probe number is shown in figure 2. !

The following nomenclature was used to designate the various mode!l
components:

Symbo]l Description
B19 Basic fuselage built to orbiter configuration VL70-0001398
Cy Basic configuration 3A canopy built to drawing lines
VL.70-0001398
E23 tlevons that provide a forward sweep trailing edge on the ,
basic Wyg7 wing (VL70-0001398B) o
Fs Basic configu:ation 3A body flap (VL70-0001398) a
.
()
8
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CONFIGURATIONS INVESTIGATED (Concluded)

Description

Three standard configuration doubie ABPS nacelles
(VL73-000060)

Same as J59 except with the underwing nacelles moved
aft from Xo = 950 to Xo = 1050 (full scale)

Same as Jgg except without pylnons and with the underwing
nacelles moved aft to X, = 1100 (full scale)

AY

Basic configuration 3A rudder (VL70-000139B)
Basic configuration 3A vertical tail (VL70-0001298)

Basic configuration 3A wing with incidence angle 0.5°,
built to drawing lines VL70-0001395.

Boundary iayer transition strip

. NS L R B R, sk




TEST FACILITY DESCRIPTION

A

The Rockwell International TrisoniEﬂHind Tui:nel is an intermittent
blow down facility with a 7' x 7' tandem test section capable of testing

force, duct, pressure, and flutter models at Mach numbers from 0.1 to 3.5.

Two synchronnus motor-driven centrifugal compressors, operating in
series, supply dry air at a rate of 40 1b/sec. to eight storage spheres
having a total volume of 214,000 cu. ft.. The air is dried to 2 moisture
content of 0.001 1b. or less of water per 1b. of dry air {approx. -35°F
dew-point) and stored at a pressure of ten atmospheres. Flow from the
air storage spheres is regulated by a servo controlled valve. The eight
foot diameter valve opens within two seconds to control and stabilize the
settling chamber at a preselected pressure.

Downstream of the settling champer is a fixed nozzle which provides
a transition from the circular cross-section of the settling chamber to
the rectangular cross-section of the variable nozzle. Two seven foot -
wide steel plates, supported between parallel walls by hydraulic jacks,
form the floor and ceiling of the flexible nozzle section. Changes in
nézzle contours to produce variations in Mach number are accomplished by
means of these- jacks and require 30 to 50 minutes to complete.

Two test sections, for supersonic, transonic, and subsonic testing
are 7 ft. wide by 7 ft. high and are permanently installed in a tandem
arrangement. The standard supersonic test section (for testing at Mach

numbers greater than 1.3) is in the downstream end of the fliexible nozzle.

The test section for subsonic and transonic operation is located down-
stream in the porous wall area. An access door to the test area is lo-
cated in the variable diffuser.

The variable diffuser downstream of the porous wall area may be
adjusted to provide subsonic Mach number control, to generate transonic
Mach numbers, and to minimize start time for supersonic testing with
models having high tunnel blockage.

An equivalent 5° conical expansion angle is pruvided in a fixed
diffuser which completes the basic tunnel circuit. Downstream of the
diffuser is a sound abatement muffler building wlicre the air is exhausted
to the atmosphere.

10
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DATA REDUCTION

The aerodynamic force and r.oment data presented were measured with
the Task Corporation 1.5 inch MK XXII A internal strain gage balance.
The data have been corrected for base and balance chamber pressure effects,
duct internal chord force and its associated pitching moment, subsonic
and transonic wall interference effects, sting and balance deflections,
and model weight tare.

The corrections to the axial force were made in the following
manner:

Ca = Cay - Case - Cag

where CAgs = duct internal chord force given at the end
of this section

and CAt = model axial force weight tare
CAr = CA - CaApe

where CApt = CAp * CApc

and CApe = =Cppc Abc/S

Chy < ~(Coy Roy oy Rbp*Cop A3 *Coy Ao CpngAos " Cppg g )/

Cp (Px - Pw)/q

The nacelle rake pressures are called Pt]' Ptz' etc. but are actually
computed as a ratio to tunnel total pressure - Pgy/Pt, Ptp/Pt, Pt3/Pt, etc.

The correction to pitching moment due to the duct internal chord
force was made as follows:

Cn = Cny = Cmgg

where Cpgp 18 given below with CAgr as @ function of Mach number and
nacelle configuration.

11
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DATA REDUCTION (Continued)

Jgg & Jgg
MACH CAst Cmg ¢
0.5  0.002345  -.000779
0.6 0.002320  -.000771
0.7  0.002295  -.000763
0.8  0.002246  -.000746
0.9  0.002221  -.000738

The following reference dimensions were used for reducing the

aerodynamic data to coefficient form:

Symbo1l

3 ~

CAsf cmsf
-.000703
Same -.000696
as -. 000688

Jsg & Jgy

-.000673
-.000666

Definition Value
Base area for Pp,, ft2 0.00856
Base area for Ppp, ft? 0.00840
Base area for Ppz, ft¢ 0.00868
Base area for Pp,, ft? 0.00347
Base area for Py, ft2 0.00875
Base area for Pbs‘ ft? 0.00837
Area. of balance cavity, ft? 0.03472
Wing span, in. 14.0502
Wing MAC, in. 7.1222
Length of model body, in. 19.3545
Wing area, ft2 0.6053
Reference center of gravity, fus. sta. 16.147
Reference center of gravity, in. aft
of nose ' 12.571
Reference center of gravity, buttock
plane 0.0000

Reference center of gravity, waterplane 5.625

12
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\ | TABLE 1. | ' 3
: { TEST ¢ Q9] IpaTe: 11/7/73 §
i TEST CONDITIONS ‘ i
= 3
REYNOLDS NUMBER DYNAMIC PRESSURE };TAGNATION TEMPERATURE] 3
1 NACH NUNBER (pes unit length) (pounds/sg, 11.) (degvees Fanenheit
L
- 0.50 6.4 x 108/ft. 635 60° to 75°
o 0.60 6.4 x 106/ft. 760
0.70 6.4 x 105/ft. 845
0.80 6.4 x 105/ft. 920
0.90 6.4 x 105/ft. 1005
 E
|
‘ .
: BALANCE uTiLizED: __Task 1.5" MK XXIT A
CAPACITY: ACCURACY: O CIENT
\p 2000 1b. + .25%
: z AF 600 1b. + .25%
3 i PM _—
é , e 1600 in. 1b. + .25%
§> YM ARSI S A ]

COMMENTS:

13
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TABLE III
MODEL DIMENSIONAL DATA

PEERUIe

{A MODEL COMPONENT:  BQODY - =19

l‘ ’ .
; GENERAL UESCRIPTION: Fuselese, Confipuretion 3, rer Notkwell Iines
: VL70-C001393.
i ) )
C NCTE: I2anticed to 2o exocps Tovercdy
;2 - -
‘. y v ] ° -~ -
P biodel Scele = C.OL5
IR
w
b DRAWING KUETR: VL70-0001393
7 DIMENSICHS FULL-SCALE MODEL SCALE
3 1

Length - 1IN, 1250.2 19.35

e et

Max. Width .. IN. 267.6 4.0140_

Max. Depth - 1n, A 2LL.5 ___3.468

o

T2 N PRI e 3 r e d e WAL R 3

\ Fiueness Ratio : AL 82175 h.8275
Rrey - F72

3

Kax. Cross-Sectional 386,67 0.087
Planform

Hetteda

= P TR A 1 S

Base

GRCAITEL 00 s R L,

15
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT; Canopy - C7 '

‘¢
4

GENERAL DESCRIPTION:  Configuration 3 per Rockwell lLines VL70-000139

Fodel Scale = 0.015

£}

'y

DRAWING NUMBER . YL70-000139

DIMENSION: B FULL SCALE ~ MODEL SCALE
Length (Xo = 433 to X, = 670) - in. FS 237 3.555
Max Width

Mox Depth (2, = toZ, = 5dl) - in FS

Fineness Ratio

Areo ‘
Max Cross-Sectional . S
Planform
- Wetted
Base
‘ 16 * O
. .

e . N e ¥

s s
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TABLE Il (Continued)

MODEL COMPONENT:  EILEVCN - E23

GERERAL DESCRIPTICN: Configuration 3 per |

7

107 Hockwell Lines

VL70-000129", data for (1) of (2) sides

5.
Model Scale == .015
DRAMING LUMBER: VL70-0001397
bl.‘&ENSIO_I:;S_:_ FULL-SCELE MODEL SCALE
Area - FT2 20552 _ _0.04624
Spen (equivalent) - 1n, _353.3h __5.30010
Inb'd equivalant chord 114.78 __l.72270
Cuth'd equivilent chord __55.00 __0.0250
Ratio revabie surface chord/
total surface chord
At Inb'd equiv. chord .203 .2C8
At Outb'¢ equiv. chord 4,00 400
Swecep Back Argles, degrees '
" Ledding Fége [ < 1000
'rh"::Tgiling Edge N o "'3i;g£5gg__ . -io.za
Hingelira __0.c0 _0.00
Arca Moment (“zvmal to hinge line)- F13 _1548.07 0.00522

Product of Araa Moment

A}

17
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TABLE I1I (Continued)

: o}
MODEL COMPONENT: _ F5 Body Flap -
GENERAL DESCRIPTION: 3 Confiquration‘ rer 2ockwell Lines VL7O-022139
Scale Model = .015
DRAWING NUMBER VL70-000239
DIMENSION: FULL SCALE MODEL SCALE
Length - in 84.70 1.2705
Mox Width ~ in 267.6 4.0140
Moax Depth
Finenass Ratio K
Arec - Ft2 )
Mox Cross-Sectienal ___ ,
Plonform ' k2.5 0.03207 ‘
Wetted ' ' ’
i
Bose 38,095 *.0.00857
'-

i

!

t

i

|

' : - l
s 18 . ey
. \ ‘\

i
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TABLE IIT (Continued)

% = MODEL COMPONENT: AIR BREATHING PROPULCION SYSTEM (ABPS) - J59

GENERAL DESCRIPTION: Two wing-mounted nacelles with a center-mounted

nacelle. Inlet has a short cowl, short interengine fairing, 7° inlet face

cant and 5° outboard cluster toe-in from point of rotation.

MODEL SCALE: 0.015
- DRAWING NUMBER;  VL73-000060 MOD/SS-A01165
DIMENSIONS: FULL SCALE MODEL SCALE
y N Length - In. 223.50 3.352
. Max. width - In. 132.00 1.980
‘ Max. depth - In. 66.00 0-990
E Cross-sectional area - ft2
; > Leading cdge air stagnation fece 16.490 0.00371
Inlet 12.566 0.00350
: Exit 12.845 0.00289
«* Ma.ximum ' 23.758 0.0053h
,: w Point of Rotation for
; Right and Left ¥ Y Xo Y,
ff Wing nacelles 950.00 236.866 14.2%0 3.553
Center nacelle 950.00 00.00 1l4.2%0 0.00
Incidence - deg. + _i’éé'_ C'.'f. _5_6_'.

Right and left wing mounted nacelies located 0.225 in MS from lower wing
surface to top ML of nacelle. Center nacelle located 0.053 in MS from
lower ML of fuselage to top of nacelle cowl.
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TABLE IIT (Continued)

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM (ABPS) - Jgo

GENERAL DESCRIPTION: Same as Jgg ABPS except left and right nacelles

moved aft

MODEL SCALE: 0.015

DRAWING NUMRER: VL73-000060 MOD/SS-A01165

DIMENSIONS: FULL SCALE MODEL SCALE
Length - In. 223.50 3.3%2
Max. Width - In. . 132.00 1.980
Max. Depth - In. 66.00 0.990

Cross-sectional area - ft@

Leading edge air stagnation face 16.490 0.00371
Inlet 12.566 0.00350
Exit 12.845 0.00289
Maximum 23.758 0.00534 _
Point of Rotation for 5 ¥, X Y,

Right and left wing nacelles 1000 = gk5.60 15.750 3.68k

Center nacelle 0.0 000 .20 0.00
Incidence - deg. + 3P 56’ + 3 56

Right and left wing mounted nmcelles located 0.285 inches M8 from lower wing
surface to top ML of nacelle. Center nacelle located Q.053 inches NS from lover

ML of fuaelage to top of oacelle cowl.

20
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TABLE III (Continued)

s

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM (ABPS) - Jg

GENeRAL DESCRIPTION: Two wing nacelles flush-mounted with a center nacelle

flush-mounted to fuselage. Otherwise, same as JSQ ABPS description.

—— s

MODEL SCALE: 0.015

DRAWING NUMBER: VL73-000060 MOD/S_S-A01165

DIMENSIONS: FULL SCALE MODEL SCALE
Length - In. 223.50 - 3.392
Max. Width In. 132.00 1.980
Max. Depth - In. 66.00 0.990

Cross-sectionalarea - ft2

Leading edge air stagnation face 16.490 '0.00371
Inlet ’ 12.566 0.00350
Exit 12,845 0.00289
Maximum 23.758 0.00534
[ i‘., Point of Rotation for X, X, ’Xo Y,
‘“ Right and left wing nacelle 1100 0.0 16.50 379
- Center nacelle 950 0.0 14.250 0.00
Incidence | deg.
Wing necelles 1.5° 1.5°
Center nacelle —1.0° i WL

L
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TABLE I1I (Continued)

MODEL CONPONERT: iWINDER ~ RS

GENERAL DESCRIPTION: 24, 3 and 3. Conflisuration Ler ifockwell Lines

VL70-000095

Yodel Scale = ,015

DRANING NUWMBER V1,70-000095

DIMENSIONS : FULL -SCALL MODEL SCALE
Area - FT2 106.38 0.024
Span {equivalent) - IN. ' 201.0 3.015
Inb'd equivalent chord 91,505 1,374
Outb'd equivalent chord - 50.833 0.762

betio movable surface chord/
total surface chord

At Inb'd equiv. chord - 0.400 0400
At Outb'd equiv. chord . 0.400 0.400

Sweep Back Angles, degrees
Leading Edge . 34.83 34,83
Tailing Edge 26,25 26,25
Hingeline 35;83 34,82

Area Moment (Norma) to hinge line)~ Fr3 526,13 0.0018 |

Product of Area and Mcan Chord

22
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TABLE III. MODEL DIMENSIONAL DATA (Continucd)
MODEL. COMPONENT: _VERTICAL ~ V7

GENERAL DESCRIPTION:

_Cepterline vertical tril, dovhlewndee tirfoil vith

roundnd leadine edre.

JOIe:, Sape s Vo, but with manipulator housing romoved.
Vods1 Scele = 0,015

23

% 387-k Exp. Date 8/2/7

DRAWING NUMBER: V1.70-000139
DIMENSTONS : FULL-SCALE MODEL SCALE
JOTAL_DATA

Ava (Theo) Ft& - 425.92 0.09583
Planform -

Span (Theo) In . 315.72 __L%}ig

Aspect Ratio 1.675

Rate of Taper 0. 507

Taper Ratio 0.L0L G.L m

Sweep Back Angles, degrees B
Leading tdge 45.000 4,5.000
Trailing Edge 26, 24,0 26. 000
0.25 Element Line 1.130 L1 L5

Chords:
Root (Theo) WP 268.50 4.02750
Tip (Theo) WP 108.47 1.62705 __
MAC 169,81 2.99715
Fus, Sta., of .25 MAC 1463, 50 21.95250
W, P. of .25 MAC 635,520 9.53283
B, L. of .25 MAC 0,00 0.00

Airfoil Section
Leading Wecge Angle Deg _)0.000 0,000
Trailing Wedge Angle Deg 14,520 L1250
Lcading Ed dge Radius 2.0 0,030

Void Area - F't< 1307 . 0.00298

Blanketed Area . 0.00 .00

«
.
s
&
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TABLE 11T (Continued)

MODEL COMPONENT:

A e AmTnTT A, . csl = g \
GEM.R--- LL-SK~‘-LP!X\,-‘. onfizvraticn 2 For ik bl R ViDL 4
N Cawaoag TII73, exeert cuffl, airlo rd incicence wrrie,
: !
-/

Mode! Scile =

TEST_KO.
DIHENSICNS:

TOTAL PATA
Arce (Ineo.)
Planforn
Span (Theo 1In,
Aspect Ratio
Rate of Taper
Tapar Ratio
Dinedral /fngle, degrees (@ TE of Elevcn)
Incicance Anc ~. degrees
Aercdwnzmic Ti...t, degrees
Sweep Back Angles, degrees
Leccing Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Thzo) 8.P.0.0.
Tip. (Theo) B.P.
MAC
- Fus. Sta. of ,25 MAC
WP of 25 WAC

Fté

B.L. of .25 NMAC .
EXOSE) DATA
frea (ineo) Ft

Span, (Theo)
Aspect. Ratio
Taper Ratio
Chords
Root BP108
Tip 1.00 b

MAC
Fus. Sta. of .25 MAC
W.P, of .25 MAC
B.L, of .25 MAC
Rirfoil Section (Pockwell Mod NASA)
XXXX~64

In, BP108

Root b =
7z

Tipb=
3
Bata for (1) of (9) Sides
Leasing Edre Cuff 2
P]un\v\m mea Ft
Lecding Ecge Intersects Fus M, L, O Sta
Lecding tage Intersecys Wing G Sta

24

BWG. NO. VI70-C00)3¢3

FULL-SCALE MODEL SCALE
O 00 0.605
g OB 14,050
TRty b .
T 1a71 1.1
N /¢ Q.20
3 5 3N
n,5o0 Q.i0C
13,000 +3,.000
5,000 15000
-10.25 200k -
35,207 . 35,704
689, 24 10.339
137,85 2.008
L0 7.122
ey ITOS3T
745G . 20 4.488
Tgpdsl . _LI3T
1752.29 0.394
720, GE 10.810
—2.058 5.0
0. E‘zf‘l C.ou L
E5 2.068
393.0 5,896
_J1s5.31 RYE
903 20 4. —
»21 6 3.776

0.1C
0.12

LK) .
1{!",3 A
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LI ( TABLE IIT (Concluded)
1 &
.
S MODEL COMPONENT: BOUNDARY LAYER TRANSITION STRIP - Xpq
v GENERAL DESCRIPTION: Glass beads located on model surface.
i b
; 8 .
Vi -§
& MODEL SCALE: 0.015 ’
& DIMENSIONS: MODEL_SCALE
E;\':‘_ .
. Wing, Tail, and Nacelle:
z
i Distance aft of leading edge,
i inches streamwise 0.6
%7 Nominal height, In. 0.0025
Body Nose:
width, In. 0.0625
Distance aft of leading edge,
inches streamwise 0.125
Nominal height, inches 0.0025

25



y

vpsppy e S

Ve g e e ear s

"SWasAs sixy - | aunbi4

S TR APONARE. SR E e o 3B

A

Ayiap4b jo
J24U3d 3y} WO PIID|ASIP UIIQ IADY $3XD
A11j1qo4s pup puim jo suibiio ‘4jii0)3 soy  °g
o molip Aq pajod1put
210 53jBuD pPuUD ’54UP1314}2032 JUBWIOW
‘Sju131}J00 910§ JO SUOHDIIMNP IANISO4 |
ISRON 4,

]
o~

.

LA

i

e &

A



A

T T L R e

"S8YJI33%S [IPOW -°Z dunbl4

4831040 g6€1 - juswabueady {eadudy e

65p ‘SaTTIOVN

Ly myrnama

Sy ‘ymqany

€29 ‘NOAXTZ

PR ;&i&‘ Voot SR b e SR SRS T B i e b 0 U O R ki A RS s B

— - R s
-~ 3 PR |
‘ g

v WAV WA NN o, SF



T

DUCT 3

DUCT 2

VIEW LOOKING PORWARD

b. Nacelle Pressure Locations

Figure 2. - Continued.
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c. Base Pressure Locations

Figure 2. - Concluded.
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c. aso'wing ABPS Moved Aft.

Figure 3. - Model Instailation Photographs.
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f. Jg1 Flush ABPS Configuration.

Figure 3. - Concluded.
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APPENDIX
TABULATED SOURCE DATA

Plotted data tabuTations are available from
Data Management Service on request.
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